Meaningful child participation in medical research is seen as important. In order to facilitate further development of participatory research, we performed a systematic literature study to describe and assess the available knowledge on participatory methods in pediatric research. A search was executed in five databases: PubMed, CINAHL, PsycINFO, Scopus, and Cochrane. After careful screening of relevant papers, finally 24 documents were included in our analysis. Literature on participatory methods in pediatric research appears generally to be descriptive, whereby high-quality evidence is lacking. Overall, five groups of participatory methods for children could be distinguished: observational, verbal, written, visual, and active methods. The choice for one of these methods should be based on the child's age, on social and demographic characteristics, and on the research objectives. To date, these methods are still solely used for obtaining data, yet they are suitable for conducting meaningful participation. This may result in a successful partnership between children and researchers. Researchers conducting participatory research with children can use this systematic review in order to weigh the current knowledge about the participatory methods presented.
I
n 1989, the United Nations Convention on the Rights of the Child promoted the right of the child to be listened to (1-3). Since then, the active participation of children and young people in research has increased, mainly in social science studies. Medical research seems to lag behind, which is wondering, because proper use could be very promising. In participatory pediatric research, children should be actively involved in defining relevant research questions and in the design and conduct of studies (4) . In adults, participatory research has proven to have impact on all key stages of the research process; however, more and stronger evidence is needed (5) .
To our knowledge, an overview and assessment of available participatory methods for children in medical research is currently lacking. Aims and benefits (6) , and several participatory methods for children have been described; however, evidence regarding the effects of using different participatory methods is not presented. This hampers the proper use of different participatory methods for two reasons. First, researchers are reinventing the wheel themselves every time they look for ways to involve children in research. Second, using unsuitable participatory methods may even have negative effects on the participants or the quality of the research (3) . In order to facilitate further development of participatory research with children, we performed a systematic literature study to describe and evaluate the available knowledge on participatory methods in pediatric research.
An extensive search was drafted, with search terms covering many synonyms, e.g., participation, engagement, involvement, partnership. The search was executed in PubMed, CINAHL, PsycINFO, Scopus, and Cochrane databases on 3 December 2014 (Figure 1 ). Titles were screened, abstracts and full text were read, and hand search was carried out on bibliographies of included papers. Selection was discussed among the authors. Inclusion criteria were pediatric medical research and active involvement of children in the design and conduct of the study. Moreover, the articles must contain at least a description of the participatory method used.
Data about aims, benefits, and risks as well as data about the different groups of participatory research methods was extracted systematically. Participatory pediatric research was defined as research which actively involves children in defining relevant research questions and in the design and conduct of studies. Participatory methods were defined as any method that can be used to obtain children's views, aiming to involve them in the design and conduct of research. Persons under the age of 6 y were defined as "pre-school children, " persons from 6 to 12 y were defined as "school aged children, " and persons from 12 to 18 y were defined as "young people. " "Children" was used for all persons under 18 y. Participatory research involving parents was not included, since this research is solely focused on methods involving children. Risk of bias was not systematically assessed, since data is generally lacking. The PRISMA checklist was used for this review (7) .
The study was approved by the Institutional Review Board of the University Medical Centre Utrecht. Informed consent was not required for this study.
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SEARCH AND CHARACTERISTICS OF INCLUDED STUDIES
Six hundred and forty-nine titles were screened, 232 abstracts and 47 full texts were read. Initially, 11 articles were included. Eight were reviews, one was a research proposal, and two were original research papers. Hand search of the bibliography of included papers resulted in the inclusion of three additional reviews, seven original research papers, one book chapter, and two guidelines (Figure 1) . The seven additional original research papers did not match the search criteria at first, because they describe obtaining data using specific participatory methods instead of describing participatory research in children. In total, 9 original research papers, 11 reviews, and 4 additional documents are included in this systematic review. Since relevant data appeared to be scarce, reviews of medical research as well as social science studies are knowingly included because of the additional information they provide. Characteristics of included original research papers (Table 1) and of included reviews and other documents ( Table 2) are listed. Unfortunately, a systematic quality assessment was not helpful due to the relative lack of data. Quality of the data is discussed in the discussion section.
Nine original research papers using participatory methods in their pediatric research were identified. In these articles, the methods used are extensively described, as are the views and experiences of participating children and researchers. However, we found no comparative studies on participatory methods in pediatric research. Seven narrative reviews of child involvement in social sciences and four reviews of child participation in medical research were identified; one of these reviews is a systematic review. The reviews are predominantly focused on necessity of participatory research (8) , ethics (3,9,10), risks and benefits (6) , and practicalities such as inclusion or dissent (2,9,11-13) ( Table 2) . None of the reviews extensively described participatory methods for pediatric medical research. The two guidelines give an overview of practical tips for child involvement in research, but their statements are solely based on expert's opinions.
AIMS, BENEFITS, AND RISKS OF PARTICIPATORY RESEARCH
In the social science and medical literature, a variety of aims and benefits of child participation is described. A general aim is to "bridge the gap between the world as it is lived and the world of scientific study and dispassionate explanation" (9, 11) . Other reported benefits are based on experiences of children and researchers: participatory research is a positive experience for both children and researchers (10) . Benefits for the children are their increased empowerment (9), self-confidence, and self-esteem (6, 10) . Also knowing that their views and opinions are listened to and respected and that they can make a difference or help other children and in getting the opportunity to share frustrations and appreciations were reported as beneficial effects of participatory research (12) . Finally, children are more likely to develop an on-going and effective dialogue with adults (2,6). As for the benefits for research, children's involvement improves the level of understanding of researchers, it exposes views that had not been anticipated and adds richness, validity, and relevance to the research project (9,10). Negative side effects of participation have also been reported. When participation is sought, but does not lead to any changes in policy or practice, or children and young people are not informed well, it can cause disillusion (3). This may even result in a lack of trust in general, which might have an impact on future collaboration in research and in medical care and treatment (12) . Next to disillusion, there is also a risk of overburdening children, especially when it comes to remembering and reviving sensitive issues or situations. Learning about other's lives and views may cause distress in children (12) .
PARTICIPATORY METHODS
Five different groups of participatory methods are described in medical and social literature: observational, verbal, written, visual, and active methods (14-29).
Observational Methods
There are several observational methods, wherein the observer is just observing or can participate in the observed group and moreover can have an influence on the shape of events, interactions, feelings, attitudes, and behaviour. The observer may be a child participating in the research team. Children's activities and behaviour are observed and recorded (14, 15) .
Observation is used to generate research questions, to verify information gained with other methods, or to generate insights which can be tested with other methods. Observation is useful for obtaining information about natural behaviours and is mostly used in preschool children. Observational methods are described as participatory methods, although often there is no interaction with the children themselves (14, 15) .
Verbal Methods
A variety of verbal methods is described. The two main options for using verbal methods are individual interviews or focus group discussions. Both options can be performed with different tools to stimulate conversation (14, 15) . Verbal methods are mainly used in school-aged children and young people who 
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are able to communicate well verbally, in order to obtain views, thoughts, and stories of children. Interviews are common in medical research (16, 17) . The child is given the opportunity to speak for itself. It is important to record not just the words but also body language and tone of voice. Interviews should take place with children who are interested to talk about the topic. Ideally, a child initiates the interview itself, or children are interviewed by other children. It is recommended that interviews are not the first method used in participatory pediatric research, because children first need to gain confidence in themselves, in the researcher and in the research (14, 15) .
Focus group discussions are facilitated in-depth discussions in a group of children. These discussions encourage the individual and collective voice of children and can be very helpful in medical research (18) (19) (20) , if conducted properly. Since focus group discussions can be very exciting for children, it is proposed that there should be a maximum of 4-6 schoolaged children or 6-8 young people, with ages ranging 2-3 y maximal. It can help to recruit children in friendship pairs, to compose single-sex groups if necessary, to do warm-up and ice-breaking exercises as games, songs, and role plays and to plan re-energizers. Session length should be 60 min for school-aged children and 90 min for young people. As with interviews, the atmosphere should be open and informal, with first names, short questions, simple language, and no right or wrong answers (14) (15) (16) 21 ). An important issue when children are asked to participate in focus group discussions is confidentiality, which cannot be assured when information is shared with other children. Children and their parents should be aware of this (12) .
Written Methods
Most school-aged children and young people are used to exercises that include writing and many children enjoy writing. Children often find it helpful to write down what they feel when they are under stress or coping with difficult feelings. The most productive form of written methods is writing essays on specific topics (15) . However, the most used form is the questionnaire. It can be used to evaluate services, to assess patient satisfaction, or to determine treatment outcomes (10). It is suggested that self-completion questionnaires and Systematic Review web-surveys should not be used under the age of 12 y, unless appropriate level of support is available because reliability may be questionable (14) . It should also be ensured that children with learning difficulties are not negatively impacted by the method used. A more creative form of written methods is the draw and write method, which will be discussed in section about visual methods. Lastly, another frequently discussed method is keeping a diary. Children record thoughts in words or pictures over a period of time. This is said to be especially suitable if the gathered data is about sensitive issues or needs to be gathered on a daily basis. Diaries have been frequently used in pediatric research, but almost always by parents, not by children themselves (14) .
Visual Methods
Visual methods exist in many different forms, one more participatory than another. It is suggested that these methods can be used in the early stages of research, for ice-breaking or for stimulating the use of other methods. Visual methods are fun, and they can help children in communicating thoughts and emotions they cannot tell or write down: "A picture paints a thousand words. " Children who find it difficult to convey their fears, feelings, and thoughts in words, especially when it comes to sensitive, embarrassing, or difficult issues, might find it easier to express them visually (22) . The most used form of visual communication is drawing, a fun and nonthreatening method (16, 22, 23) . Even though most school-aged children are familiar with drawing, the method should not be used when children are not familiar with using pens or pencils or other equipment, or when they feel they are "not good" at art, or if there is no opportunity to explain the drawings to the researcher. Children's own visual representations almost always require their own explanation by writing or talking about it, since it represents the child's own understandings and realities. Drawing might also be less suitable for young people, who may find it childish (14) . Next to individual drawing, a drawing, painting, or poster can be produced with a group, in order to encourage discussion about a particular topic. It stimulates the group to focus on the key issues (14) .
A second form of using visual methods is a video diary. It can be used to gain insight into participant's disease and treatment experiences (24, 25) or experiences during study procedures. For most children, it is difficult to recall what they experienced in the period prior to their doctor's appointment. A video diary may catch events and activities that may be missed otherwise (10, 24, 25) .
Active Methods
For most children, active methods like playing with puppets, drama, or role play are enjoyable (16) . It may be easier to communicate through such methods than to answer direct questions. It enables children to talk about sensitive issues, without personalizing it. A wide range of topics like children's opinions on adults, forbidden behaviour, and activities can be discussed without fearing punishment Active methods can be used for the individual child or for groups (16, 26) . The use of puppets may be particularly helpful in exploring traumatic experiences in young children (15) . Spending time and playing with children, especially when they are physically disabled, can be helpful to gain more insight in their needs (26) .
Mosaic Approach
According to Malaguzzi (27) , children and young people possess "the hundred languages of children" (8) . Finding appropriate ways in their hundred languages to communicate with them is crucial (11) . Lack of suitable methods can exclude children unable to use the available methods (12) . This is the reason Clark and Moss developed the "mosaic" approach in participatory research (28) . The aim of the mosaic approach is to give children a choice about how they would like to participate. They can choose among verbal, written, visual, and active methods, so they are able to select the one that suits them best (22) . Each tool chosen by individual children forms one piece of the research method mosaic. This approach eases the participation of children by recognizing their wide range of competencies (3) . The method can be used for a variety of purposes. Furthermore, as the diversity of methods is greater, the variety of answers to one question will be greater, which adds richness to the research. Still, the major disadvantage of the mosaic approach is the implication for processing obtained data, which gets more and more challenging when several participatory methods are being used to answer one research question (22) .
GENERAL CONSIDERATIONS FOR USING PARTICIPATORY METHODS IN PEDIATRIC MEDICAL RESEARCH
The use of pediatric participatory research methods is only acceptable when it adds something to the research and when it has no risk of being harmful to the child (3, 8, 9) . When researchers choose to use participatory methods, they should be aware that it takes additional time, resources, and skills, to create successful participation (12) . Therefore, proper preparation is essential. According to Smith et al. (9) , four questions need to be answered prior to involve children in research: "can we make participatory research with children and young people work, will the results be accepted as legitimate findings, should we undertake this kind of research, and is it worth the additional demands on time, resources, and expertise? Then, after the decision is made to involve children, a suitable participatory method must be chosen.
Before choosing a participatory method, the objectives of the involvement must be clearly defined. The tools used must generate useful and relevant data, and therefore, they must be appropriate to the developmental stage and capacities of the children involved (2) . Preschool children possess different skills than school-aged children, and they often lack writing and verbal skills (8, 29) . However, stages of development and levels of maturity differ not only in age but also in time and in place. Race, ethnicity, social class, and religion are part of who children are and might help to determine which method could be suitable for them (11) . Second, the choice for one of the available participatory methods not only depends on child characteristics but also on the data that should be obtained. Quantitative data can be gained by self-completion questionnaires, administration of standardized tests or measures, structured interviews, or observation (14) . Qualitative data can be attained by all other methods. Before using a specific method, one must think through whether the data produced by children should be structured in any way, in order to be able to analyze it.
Third, the contact with children must be thought over. When children and young people are involved in participatory research and when they are asked to share parts of their lives with researchers, it is important for them to know with whom they are sharing their information. They need to get to know the researcher, in order to gain trust. When contact between children and researchers last a long period of time, ending the contact must also be carefully thought over (21) . At last, children should also always be aware of the possibility to leave early when they change their minds, without having to give a reason (21) .
There is a need for well-designed participatory methods to integrate the goals of research and of children's involvement. A complete description of a participatory method should include both techniques for obtaining data, as well as for processing this data. In this review, we described the current knowledge on participatory pediatric research and gave an overview and assessment of participatory methods for children.
We defined participatory methods as any method that can be used to obtain children's views, aiming to involve them in the design and conduct of research. We found that data about participatory methods is limited. Available knowledge is mainly based on expert's opinion, either participating children or researchers themselves. Examples of involving children in pediatric research are scarce, there are no comparative studies and reviews are predominantly focusing on other issues than participatory methods. We found that most researchers using participatory methods are not aiming to involve children in the design and conduct of pediatric research. Instead, the participatory method is used only to obtain research data on children's views. On the ladder of participation, pediatric medical research reflects more tokenism instead of evolving into partnership: participatory methods are not yet used in order to perform meaningful child participation. Despite the relative lack of high-quality evidence, we were able to list five groups of pediatric participatory methods, their aims, characteristics, and limitations (Table 3) . Since all the methods described are suitable for creating meaningful participation: a successful partnership between children and researchers in pediatric research, the evidence for the different participatory methods presented here is worth considering.
According to literature, the choice for using one or more participatory methods should be based on both age and other social and demographic characteristics and on the type of data the researcher would like to obtain. In general, observational methods are most suitable for preschool children. Verbal and written methods are suitable for school-aged children and young people, while visual and active methods are suitable for children who are less able to communicate verbally and for discussing more sensitive issues. However, for these children, it is still necessary to explain their visual creations or active performances, in order to gain useful data. If the researcher interprets this himself, without listening to the child's explanation, it cannot be called a participatory method and it even may be unethical to do (15) . Considering the "hundred languages of children" and all the different child characteristics that should be considered, in our opinion, a mosaic approach seems most suitable to use in pediatric medical research. Unfortunately, for data processing, it is also the most complicated method (22) .
The main limitation of this systematic review is the relative lack of data, which immediately underscores the need for further research. As Bird et al. (6) already concluded, reporting of participatory research with children must improve, for example by using the Guidance for Reporting Involvement of Patients and Public (GRIPP) checklist (30) , in order to be able to assess successful and unsuccessful methodologies (4) . When this has been done a few times for each participatory method, comparative studies into the differences and similarities and pros and cons can be executed properly. For now, researchers conducting participatory research with children can use this systematic review in order to weigh the current knowledge about the participatory methods presented.
